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This evaluation provides a complete representation of the
nuclear data needed for transport, damage, heating,
radiocactivity, and shielding applications over the incident
neutron energy range from 1.0E-11 to 150 MeV. The discussion
here ig divided into the region below and above 20 MeV.

INCIDENT NEUTRON ENERGIES < 20 MeV

Below 20 MeV the evaluation is based completely on the ENDF/B-
VI.5 (Release 2) evaluation by Larson, C. Perey, Hetrich, and
Fu.

INCIDENT NEUTRON ENERGIES > 20 MeV

The ENDF/B-VI Release 2 evaluation extends to 20 MeV and
includes cross sections and energy-angle data for all
gsignificant reactions. The present evaluation utilizes a more
compact composite reaction spectrum representation above 20 MeV
in order to reduce the length of the file. No essential data for
applications is lost with this representation.

The evaluation above 20 MeV utilizes MF=6, MT=5 to represent
all reaction data. Production cross sections and emission
spectra are given for neutrons, protons, deuterons, tritons,
alpha particles, gamma rays, and all residual nuclides produced
(A>5) in the reaction chains. To summarize, the ENDF sections
with non-zero data above En = 20 MeV are:

MF=3 MT= 1 Total Cross Section

MT= 2 Elastic Scattering Cross Section

MT= 3 ©Nonelastic Cross Section .

MT= 5 Sum of Binary (n,n') and (n,x) Reactions
MF=4 MT= 2 Elastic Angular Distributions

MF=6 MT= 5 Production Cross Sections and Energy-Angle
Distributions for Emission Neutrons, Protons,
Deuterons, Tritons, and Alphas; and Angle-
‘Integrated Spectra for Gamma Rays and Residual
Nuclei That Are Stable Against Particle Emission

The evaluation is based on nuclear model calculations that
have been benchmarked to experimental data, especially for n +
Ni58 and p + Ni58 reactions (Ch97). We use the GNASH code system
(Yo92), which utilizes Hauser-Feshbach statistical,
preequilibrium and direct-reaction theories. Spherical optical

“model calculations are used to obtain particle tramsmission
coefficients for the Hauser-Feshbach calculationg, as well as
for the elastic neutron angular distributions.

Cross sectiong and sgpectra for producing individual residual
nuclei are included for reactions. The energy-angle-correlations
for all outgoing particles are based on Kalbach systematics
(Ka8gsg) .

A model was developed to calculate the energy distributions of



all recoil nuclei in the GNASH calculations (Ch96). The recoil
energy distributions are represented in the laboratory system in
MT=5, MF=6, and are given as isotropic in the lab system. All
other data in MT=5,MF=6 are given in the center-of-mass system.
This method of representation utilizes the LCT=3 option approved
at the November, 1996, CSEWG meeting.

Preequilibrium corrections were performed in the course of the
GNASH calculations using the exciton model of Kalbach (Ka77,
Ka85), validated by comparison with calculations using Feshbach,
Kerman, Koonin (FKK) theory [Ch93]. Discrete level data from
nuclear data sheets were matched to continuum level densities
using the formulation of Gilbert and Cameron (Gi65) and pairing
and shell parameters from the Cook (Co67) analysis. Neutron and
charged- particle transmission coefficients were obtained from
the optical potentials, as discussed below. Gamma-ray
transmission coefficients were calculated using the Kopecky-Uhl
model (Ko90).

SOME Ni-SPECIFIC INFORMATION CONCERNING THE EVAL.

The neutron total cross section was evaluated based on the
least-squares method with GMA code system (Po81) taking account of
the experimental data(Ci68, Pe73, Sc73, La83, Di97, Faé6, Du67).
The data for natural Ni were also used because there was not
enough data for Ni-62 above 20 MeV. The data for natural Ni were
transformed to the Ni-62 cross section according to A*(2/3) law.
In the GMA analysis, the systematic error was assumed to be 1 %
for all the data set. Result of the GMA evaluation was used as
the evaluated total cross section data above 20 MeV.

The evaluated total cross section data (1 to 250 MeV) and s-wave
strength function (Mu8l) were used to obtain the neutron optical
potential parameters. The parameter estimation was carried out
based on Marquart-Bayesian approach (Sm91), where ECIS95 code was
used for the optical model calculation. We have employed the
energy dependence of the optical potential similar to Delaroche's
work (De89). The initial potential parameters were adopted from
Koning and Delaroche (Ko97). Total of 7 parameters concerning the
central potential depth were estimated with associated covariance
matrix, while the geometrical parameters were fixed to the result
of a similar search for n + Ni-58. Presently obtained potential
was used for the calculation of neutron transmission coefficients
and DWBA cross sections in the energy region above 20 MeV. Below
20 MeV, the Harper neutron potential (Ha82) was used for the
calculation of transmission coefficients.

The proton optical potential was also searched for to obtain a
good description of proton-total reaction cross section as
predicted by Wellisch-Axen systematic (We96) above 50 MeV. The
parameter estimation was carried out by the Marquart-Bayesian
approach similar to the neutron OMP, but trying to seek the best

" parameter to reproduce the reaction cross sections compiled by
Carlson (Ca96) and Wellisch values. The experimental data in
Carlson (Ca96) was scaled for Ni-62 according to A**(2/3) law. In
this search, the geometrical parameters were fixed to be same as
the neutron potential. The present potential gives a good
description of the proton total reaction cross section from 10 MeV
to 250 MeV. However, after some trial and error to reproduce both
the elastic scattering and reaction cross section data for Ni-58,



we have employed the following combination of proton potentials:

0 to 5 MeV : Harper potential (Ha82)
6 to 47 MeV : Koning and Delaroche (Ko97)
48 to 260 MeV : Present OMP

For deuterons, the Lohr-Haeberli (Lo74) global potential was used;
for alpha particles the McFadden-Satchler (Mc66) potential was
used; and for tritons the Becchetti-Greenlees (Be7l1l) potential was
used. The He-3 channel was ignored.

The direct collective inelastic scattering to the following levels
in Ni-62 was considered by the DWBA-mode calculation of ECIS95:

Jpi Ex(MeV) Deformation length
2+ 1.173 1.008
3- 3.757 0.83

The data for the 2+ level was retrieved from the literature

(Ra87) . The data for the 3- level was estimated to be an average
of the same quantity for Ni-58 and Ni-60.
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28062 = TARGET

1000Z+A

1 = PROJECTILE 1000Z+A
Nonelastic, elastic, and Production cross sections for A<S5 ejectiles in barns:

Energy

nonelas

elagtic

Tue May 19 14:17:42 1598

neutron

proton

(if A=0 then elemental)

deuteron

triton

helium3

alpha

gamma

2.000E+01
2.200BR+01
2.400E+01
2.600E+01
2.800E+01
3.000E+01
3.500E+01
4.000E+01
4.5008+01
5.000E+01
5.5008+01
6.000E+01
6.500E+01
7.000E+01
7.500E+01
8.000E+01
8.500E401
9.000E+01
9.500E+01
1.000E+02
1.100E+02
1.200E+02
1.3008+02
1.4008+02
1.500E+02

28062 = TARGET

1.375E+00

1.349E+00,

1.312E+00
1.277E+00
1.245E+00
1.216E+00
1.154E+00
1.105E+00
1.070E+00
1.045E+00
1.0288+00
1.014E+00
1.002E+00
9.906E-01
9.792E-01
9.675E-01
9.554E-01
9.428E-01
9.299E-01
9.170E-01
8.911E-01
8.659E-01
8.420E8-01
8.196E-01
7.986E-01

1000Z+A

1.059E+00
1.052E+00
1.080R+00
1.112E+00
1.179E+00
1.244E+00
1.403E+00
1.522E+00
1.614E+00
1.651E+00
1.656E+00
1.635E+00
1.570E+00
1.504E+00
1.441E+00
1.370E+00
1.281E+00
1.204E+00
1.130E+00
1.078E+00
9.193E-01
8.139E-01
7.238E-01
6.447E-01
5.879E-01

1l = PROJECTILE 1000Z+A
Kerma coefficients in units of £.Gy.m*2:

Energy

proton

deuteron

2.242E+00
2.223E+00
2.225E+00
2.270E+00
2.328E+00
2.368E+00
2.384E+00
2.368E+00
2.402E+00
2.4728+00
2.555E+00
2.6368+00
2.719E+00
2.777E+00
2.837E+00
2.883E+00
2.933E+00
2.980E+00
3.013E+00
3.045E+00
3.092E+00
3.112E+00
3.1228+00
3.123E+00
3.100E+00

triton

1.188E-01
1.538E-01
1.871E-01
2.185E-01
2.510E-01
2.831E-01
3.579E-01
4.2678-01
4.878E-01
5.413E-01
5.976E-01
6.524E-01
7.117E-01
7.732E-01
8.213E-01
8.670E-01
9.112E-01
9.569E-01
9.952E~01
1.032E+00
1.099E+00
1.151E+00
1.199E+00
1.235E+00
1.256E+00

helium3

1.778E-02
2.190E-02
2.714E-02
3.200E-02
3.664E-02
4.093E-02
4.931E-02
5.453E-02
5.792E-02
6.079E-02
6.202E-02
6.416E-02
6.635E-02
6.774E-02
6.954E-02
7.100E-02
7.240B-02
7.398E-02
7.526E-02
7.515E-02
7.759E-02
7.978E-02
8.205E-02
8.375E~02
8.483E-02

(if A=0 then elemental)

alpha

5.573E-04
1.033E~-03
1.589E-03
2.186E-03
2.793E-03
3.368E-03
4.562E-03
5.484R-03
6.227E-03
6.901E-03
7.586E-03
8.314E-03
9.088E-03
9.868E~03
1.068E-02
1.146E-02
1.238E-02
1.352E-02
1.446E-02
1.541g-02
1.747E-02
1.923E-02
2.115E-02
2.293E-02
2.438%-02

non-reac

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000B+00
0.000E+00
0.000E+00

elags-rec

3.0098~-02
3.691E-02
4.288E-02
4.780E-02
5.270E-02
5.784E-02
6.966E-02
7.866E-02
8.761E-02
9.603E-02
1.050E-01
1.141E-01
1.2338-01
1.312E-01
1.388E-01
1.456E-01
1.528E-01
1.607E-01
1.663E-01
1.713E-01
1.811E-01
1.8798-01
1.941E-01
1.990E-01
2.012E-01

TOTAL

3.568E+00
3.754E+00
3.648E+00
3.474E+00
3.260E+00
3.088E+00
2.964E+00
2.845E+00
2.679E+00
2.617E+00
2.552E+00
2.531E+00
2.525E+00
2.388E+00
2.334E+00
2.304E+00
2.257E+00
2.230E+00
2.191E+00
2.148E+00
2.104E+00
2.014E+00
1.931E+00
1.856E+00
1.803E8+00

2.000E+01
2.2008+01
2.400E+01
2.600E+01
2.800E+01
3.000E+01
3.500E+01
4.000E+01
4.500E+01
5.000E+01
5.500E+01
6.000E+01
6.500E+01
7.000E+01
7.500E+01
8.000E+01
8.500E+01
9.000E+01
9.500E+01
1.000E+02
1.100E+02
1.200E+02
1.300E+02
1.400E+02
1.500E+02

1.235E-01
1.6978-01
2.189E~-01
2.704E-01
3.276E-01
3.8938-01
5.5858-01
7.370E-01
9.250E-01
1.114E+00
1.3158+00
1.519E+00
1.736E+00
1.9538+00
2.163E+00
2.371E+00
2.571E+00
2.766E+00
2.960B+00
3.156E+00
3.538E+00
3.900E+00
4.247E+00
4.585E+00
4.910E+00

2.182E-02
3.070E-02
4.289E-02
5.613E-02
7.052E~-02
8.586E-02
1.252E-01
1.627E-01
1.9798~-01
2.330E-01
2.581E-01
2.887E-01
3.191E-01
3.434E-01
3.714E-01
3.971E-01
4.202E-01
4.412E-01
4.621E-01
4.632E-01
4.940E-01
5.277E-01
5.5888-01
5.841E-01
6.143E~01

4.630E-04
9.952E~-04
1.729E~03
2.6328-03
3.661E-03
4.770E-03
7.618E-03
1.039E-02
1.298E-02
1.541E-02
1.779E-02
2.0068-02
2.229E-~02
2.434E-02
2.635E-02
2.817E~-02
2.999E-02
3.193E-02
3.3588-02
3.5188-02
3.817E-02
4.002E-02
4.147E-02
4.258E-02
4.3268-02

0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

4.263E-02
5.355E-02
6.343E-02
7.185E-02
8.010E-02
8.875E~02
1.099E-01
1.272E-01
1.441E-01
1.611E-01
1.794E-01
1.978E~-01
2.167E-01
2.335E-01
2.500E-01
2.652BE-01
2.813E8-01
2.9878-01
3.120E-01
3.244E-01
3.489E-01
3.675E-01
3.851E-01
3.999E-01
4.093E-01

8.329E-02
8.924E-02
9.373E-02
9.765E-02
1.013E-01
1.047E-01
1.121E-01
1.192E-01
1.261E-01
1.331E-01
1.396E-01
1.462E-01
1.522E-01
1.585E-01
1.630E-01
1.670E-01
1.708E-01
1.746E-01
1.7738-01
1.786E-01
1.812E-01
1.825E-01
1.887E-01
1.958E-01
2.011E~-01

2.1798-02

2.062E-02
2.198E~-02
2.269EK-02
2.353E-02
2.391E-02
2.376E-02
2.2608E-02
2.126E-02
1.963E-02
1.8068-02
1.661E-02
1.506E-02
1.378E-02
1.272E-02
1.1758-02
1.072E-02
9.898E-03
9.1488-03
8.621E-03
7.223E-03
6.321E~-03
5.5808-03
4.9508-03
4.5065-03

2.935E-01
3.6488-01
4.427E-01
5.213E-01
6.068E-01
6.972E-01
9.371E-01
1.179E+00
1.427E+00
1.676E+00
1.928E+00
2.188E+00
2.461E+00
2.726E+00
2.987E+00
3.241E+00
3.484E+00
3.723E+00
3.954E+00
4.166E+00
4.608E+00
5.024E+00
5.427E+00
5.813E+00
6.182E+00
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Nonelastic Cross Section (mb)
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n+%Ni angle-integrated emission spectra
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Heating (MeV/reaction)
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